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USE OF CD26 INHIBITOR FOR THE MANUFACTURE OF A MEDICAMENT FOR THE TREATMENT OF 
HIV 

Government Support 

This work was funded in part by grant number A 136696 from the National Institutes of 
Health. Accordingly, the United States Government may have certain rights to this invention. 

Cross-Reference to Related Applications 
This application claims priority from U.S. Patent Application Serial No. 08/852,394, 
filed on May 7, 1997, entitled TREATMENT OF HIV. The contents of this U.S Patent 
application are hereby expressly incorporated by reference. 

Background of the Invention 

This invention relates to treatment of HIV. 

One of the classic markers of full-blown AIDS resulting from long-term infection with 
HIV-1 is a severe depletion of CD4 + T-cells, which are a key component of the immune system. 
Attempts have been made to increase the CD4 + counts of AIDS patients, and some of these 
efforts, notably treatment with HIV protease inhibitors, have met with considerable success. 
Other approaches, e.g., stimulation of the immune response by vaccination with viral peptides, 
have been less successful. The reasons for CD4 + depletion in AIDS, and resistance of CD4 + 
cells to stimulation by some therapies, are not fully understood. 

Summary of the Invention 

The invention provides a new and highly advantageous method of potentiating the 
immune response in HIV-infected patients, employing extremely low concentrations of 
compounds which, at these concentrations, act as stimulatory, rather than inhibitory, molecules. 
The very low concentrations employed according to the invention allow treatment with 
minimal side effects and toxicity. The specificity of the treatments according to the invention 
also helps avoid these adverse effects, which are seen for example, in treatment with immune 
stimulatory compounds such as Interleukin-2. 

The invention involves the unexpected finding that certain compounds, which at 
relatively low concentrations (e.g., 10"M0 _6 M) are cytotoxic to T-cells, nevertheless have 
immune stimulatory properties at extremely low concentrations (e.g., 10~ ,0 -10" 14 M). Even 
more 
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^^8, m, stimil , ati0 „ occurs even ^ we HIV .. nfected T ^ ^ o(herwise 

unable ,o respond ,o T-cell proliferation-inducing stimuli. The effects of these low 
concentrations are paradoxical because T-cel.s from non-HIV-infected individuals which 
5 respond to T-cel, pro.iferation-inducing stimuli, do no. seen, ,„ respond in the same fashion as 
T-ceHs from a HIV-infected patient when treated with the extremely low concentrations of ' 
compounds according to the invention. 

The invention thus provides a method for treating the T-cells of a human subject 
mfected with human immunodeficiency virus. The subject's T-cells are contacted with a 
-o molecule that inhibits CD26 and that stimulates immune function of the T-cells in an amount 
effective to stimulate immune function of the T^ells, said amount being below a concentration 
wh.cn causes detectable cytotoxicity of the T-cells. In one embodiment, the molecule 
Stimulate, proliferation of T-cells at the effective concentration. In other embodiments the 
moleeule stimulates the production of cytokines or increases cytotoxic T-lymphocyte or 
15 antibody activity. 

The T-cells can be contacted in v,7,o or /„ v,V 0 . In certain embodiments, the effective 
amount is below ,0-M and may be between 10- and ,0-M. Molarity is measured as a 
function of final concentration in vitro and as a function of blood concentration in v/vo. 

According to 

r * ""- ""<=»*>n, me molecule can be administered in 

20 conjunction with a different therapeutic agent tha, increases the CD4* count of HIV-infected 
subjects. In this manner, treatment with effective amounts of the molecule according to the 
■nvention can enhance the therapeutic effect of other AIDS drugs. Specifically contemplated is 
use of the mcleces according fo the invention with non-CD26 protease inhibitors. I, has been 
determined tha, the effects of the treatments according to the invention are particularly good i„ 
* Patients whose CD4* count is above about 400. In one embodiment, subjects may be treated 
wth therapeutic agents or regimens to increase T-cell count ,„ above 400 where the count 
■nttially is below 400. The subjects then are believed to be better candidates fortreatmen. 
accordmg ,„ the invention. Thus, the invention contemplates the use of the molecules 
accordmg to the invention to provide optimal combination AIDS therapies. Particularly 
30 contemplated for use in conjunction with the molecules of the invention are therapeutics which 
■nJub,, HIV replication by, for example, inhibiting reverse transcriptase or by iru.ibi.ing HIV 
protease activity. Exemplary therapeutics include the antiretroviral drugs: AZT (3' azido r y 
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dideoxythymidine), ddl (2',3' dideoxyinosine), ddC(2',3' dideoxycytidine), ddT (2',3' 
didehydro-3'-deoxythymidine) and other nucleoside and non-nucleoside reverse transcriptase 
inhibitors and HIV-1 protease inhibitors: Indinavir, Ritonavir, Saquinavir. Combination 
therapies include the administration of one or more of these or other antiretroviral therapeutics, 
alone or together with therapeutics that are intended to treat the secondary infections associated 
with HIV and/or cytokines (e.g., GM-CSF, G-CSF, interferons, interleukins). 

According to another aspect of the invention, the molecules of the invention are 
contacted with T-cells of a human subject infected with HIV, which T-cells are unable, prior to 
treatment according to the invention to respond normally to T-cell proliferation-inducing 
stimuli In one particularly important embodiment, the molecules of the invention are 
administered in conjunction with an antigen. Ordinarily, such HIV-infected patients do not 
respond well to antigens because of an HIV-induced defect in the T-cell stimulation pathway. 
Use of the molecules according to the invention as adjuvants can render such T-cells responsive 
to stimulation or vaccination with antigens. The invention permits immunization of HIV- 
infected patients with antigens characteristic of HIV, antigens characteristic of other pathogens, 
antigens characteristic of cancer cells and the like. Peptide antigens in particular are 
contemplated. 

Compounds useful in the invention inhibit CD26 and stimulate proliferation of T-cells 
of HIV-infected subjects in the assays and at the concentrations described below. CD26 is also 
» referred to as "dipeptidyl-aminopeptidase type-iV or "DP-IV". CD26 is a post-prolyl cleavmg 
enzyme with a specificity for removing Xaa-Pro (where Xaa represents any am.no acd) 
dipeptides from the amino terminus of a polypeptide substrate. 

Peptides which reportedly have demonstrated utility for inhibiting post-prolyl cleavmg 
enzymes and which, if coupled to a reactive group, form a covalent complex with a functional 
25 group in tire reactive site of apost-prolyl cleaving enzyme are described in U.S. PatentNo. 
4 935 493 "Protease Inhibitors", issued to Bachovchin et al: ("Bachovchin "493"); U.S. 
5462928 "Inhibitors of Depep.idyl-aminopeptidase Type IV, issued to Bachovchin et al. 
("Bachovchin «928"); U.S. 5,543,396, "Proline Phosphonate Derivatives", issued to Powers e, 
,1 ("Powers '396"); U.S. 5,296,604, "Proline Derivatives and Compositions for Thetr Use as 
* inhibitors of HIV Protease", issued to Hanko et al., ("Hanko '604"); PCT/US92/09845, 
"Method for Making a Prolineboronate Ester", and its U.S. priority applications (USSN 
07/796,148 and 07/936,198), Applicant Bochringer Ingelheim Pharmaceuticals, Inc. 
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Borc- P r 0 , include Lys . boropro Pl JZTvT inhibi - 

reactive group. As used herejn * ^ ""* aS CD2 « «-vale nlly coupled to a first 

torn, a bond with a ' - » «« *at 0. reactive group 

•0 ^ups toare embraced ^J^T^ ^ ^ " ^ 

no recrement f„ r eo valent „„„„ "^26, however, .here is 

binding molecule and CD26. P ' eX belwem ,he CD26 

The reactive groups that are fluoroalkvlka™. „ 

uoroaiKyiketonc groups have ^ formu|a . 



o 
II 

— C-CFj -G 



50 where G is either HP 

^containape^^^ 

-beusedin accordance* Z ^o,,^^,^^ 
^3,396 (Powers "396, ^ inVa * i0n " *~ *"*■» iu U.S. " 

™* -ctive groups tto, are phosphonate groups have the formula: 



o 

I! 

-P-J 
I 

J-0 



i^.orO. Other Jcetoamides, ketoacids 
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and ketoesters that are useful reactive groups for reacting with the reactive center of a protease 
are described in PCT/US91/09801 , "Peptides; Ketoamides, Ketoacids, and Ketoesters", 
Applicant: Georgia Tech Research Corp. ("GA Tech") which claims priority to U.S. 635,287, 
filed December 28, 1990. 
5 In certain embodiments, the reactive groups are selected from the groups having the 

formulas: 

O O 
II II 
-C— C-NH 2 

an alphaketo amide; 

O O 
II II 
-C— C-OR 

10 where R is an alkyl, or aryl group and may be substituted or unsubstituted, an alphaketo ester; 
and 

0 0 
II II 
-C— C-OH 

an alphaketo acid. 

The preferred compounds having targeting moieties that are peptides which mimic the 
1 5 substrate binding site of DP-IV. Peptide analogs and nonpeptides or peptidomimetics also can 
be used as targeting moieties. Such molecules can be rationally designed based upon the 
known sequence of substrates of DP-IV or can be identified using combinatorial chemistry and 
screening assays such as are described below. 

The development of phage display libraries and chemical combinatorial libraries 
20 permits the selection of synthetic compounds which mimic the substrate binding site of a 
protease such as CD26. Such libraries can be screened to identify non-naturally occurring 
putative targeting moieties by assaying protease cleavage activity in the presence and absence 
of the putative phage display library molecule or combinatorial library molecule and 
determining whether the molecule inhibits cleavage by the protease of its natural substrate or of 
25 a substrate analog (e.g., a chromophoric substrate analog which is easily detectable in a 

spectrophotometric assay). Those phage library and/or combinatorial library molecules which 
exhibit inhibition of the protease then can be covalently coupled to the reactive groups R 
disclosed herein and again tested to determine whether these novel molecules selectively bind 
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utt ^ * repea,i ° 8 *• — * «» — * a 

moieties of the invention. «"S«mg 
.nh, b « C M6 and are e mbra ced by ^ fo!lowkg ^ pR ^ p ^ 

: nCD26, pr efe r a Wy a r eao ti v e ce„ te ofCD 2 6. P can be a ny „ tt a t binds CD26 
.neIud 1 ngCD26 bi „dingr„„ 1 ecu 1 e S e mbr acedby tt ,efon 11 „ l a:D~A 1 -A ; .A -A where, rv 

.ssetoed ta^^,,^,^^ * 

an. a,„ m , ha , forms . sing!e bond „, My atom ^ ^ a doub]e ^ ^ ^ 
wherein O represent any isotope of oxygen. 

Compounds usefu, according to the invention also inCude the following of Group I or 
Group II. Group I has the structure: 



H- 



'H H 0 Ho 
R RrC-Y 



H H 
I I 
"N— C 

% R 



where H represents a hydrogen: C represents a carbon; O represents an oxygen; N represents a 
mtrogen; each R, independently, is chosen from the group consisting of the R groups of an 
amino a ^ 

bond to one R group, and each 'H represents that bond or a hydrogen; and p is an integer 
between 0 and 4 inclusive. Alternatively, Group I has the structure- 
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-C 
I 

G3 



where n is between 0 and 3 inclusive, each G2 and G3 independently is H or C1-C3 (one to 
three carbon atoms) alkyl, Gl is NH 3 (H 3 represents three hydrogens), 

5 " HN-C— NH 2 

11 

NH 2 

(H 2 represents two hydrogens), or NG4, where G4 is 

C-G 5 
G 6 

where G5 and G6 can be NH, H, or C1-C3 alkyl or alkenyl with one or more carbons substituted 
10 with a nitrogen. Gl bears a charge, and Gl and Group II do not form a covalently bonded ring 
structure at pH 7.0. Group 1 may also have the structure: 



Se I S 2 

Y V 

I I 

e c 

s 5 I 

S4 



S3 



where one or two of the a, b, c, d, e, and f group is N, and the rest are C, and each S1-S6 
1 5 independently is H or C1-C3 alkyl. Group I may also include a five membered unsaturated ring 
having two nitrogen atoms, e.g., an imidazole ring. Group II has the structure: 

O H 
n 1 

C-N-C-T 

I I 

R i-?- Y 

R 2 
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where T is a group of the formula: 



where each D, and D,, independently, is a hydroxyl group or a group which is capable of be ir . 
hydrolyzed to a hydroxyl group in aqueous solution at physiological pH; a group of the " 



formula: 



-C-CF-G 
II I 
O F 



0 



where G is either H, fluorine (F) or an alkyl group containing 1 to 20 carbon atoms and optional 
heteroatoms which can be N, S (sulfur) or O; or a phosphonate group of the formula: 



o 
II 

-P-J 
I 

O-J 



where each J, independently, is O-alkyI, N-alkyl, or alkyl. Each O-alkyl, N-alkyl or alkyl 
includes 1 -20 carbon atoms and, optionally, heteroatoms which can be N, S, or 0. T is 
generally able to form a complex with the catalytic side of a DP-IV. Y is: 



I ^ ^ R4 Rj R 7 

Ra-C-R, , f^-C-C-|^ , or R 3 -c-c-c- R3 

Rs ' 



and each R„ R 2 , R 3 , ^ r 5 , ^ ^ ^ ^ separately fa & ^ ^ ^ ^ 

interfere wxth site specific recognition of the inhibitory compound by DP-IV, and allows a 
complex to be formed with DP-IV. 

In preferred embodiments, T is a boronate group, a phosphonate group or a 
trifluoroalkyl ketone group; each R,-R 8 , is H; each R, and R 2 is H, and each Y is the CH,-CH 2 - 
each R is independently chosen from the R group of proline and alanine; the inhibitory " 
compound has a binding or dissociation constant to DP-IV of at least 10"'M, lO-'M or even 
10-M; and each Dl and D2 is, independently, F or Dl and D2 together are a ring containing 1 
to 20 carbon atoms, and optionally heteroatoms which can be N, S, or O. These compounds are 
described in U.S. Patent No. 5,462,928, hereby incorporated by reference. 
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More prefer**, the compound used a, .ow concentration according to .he invention 

has the formula: 



A— N- 



H 2 C .CH 2 

C 

H 2 



H O 

I H M 
-C— C Ai — N" 



-G-B s 

X 2 



m 



H 2 C .CHz 

C 
H 2 



thattheAineachrepeatingbracketedunitcanbeadiffere^^ 

betweenA^dNAandC.andbe^ 

independently.ah^^ 

physiological P H. These compounds are also described in U.S. Patent No. 5,462,928. 
The most preferred compounds are of the formula: 



10 



H V) 



X N -C-B 

H 2 C ,CH 2 

C 
H 2 



where each D, and D„ independent*, is a hydroxy, group or a group which ,s capah.e 
hydrolyzedU. a hydroxyl group in aqueous solution at physiologrcalpH; 

and wherein X is a targeting moiety that mimics the site of a substrate reeogmzedand 

15 cleaved by CD26. . 

Other features and advantages of the invention will be apparent from the following 

detailed description thereof, and from the claims. 

p™f n ft scription_QfJhePMte 

Fig l is a pair of graphs showing the lymphocyte —or, effect of — of the 
20 ng- V * HIV-infected and uninfected 

invention on peripheral blood mononuclear cells (PBMC) iro 

^,.^-F*1B^*«^^- T ■ - • ,1,,fc- -■' ,, " 
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on PBMC from an tin; , " 

an HIV-1 mdmdual. Each of Figs 1A and m •„ 
expenment out of a total often experiments. ° representative 

«*■ 2 is a graph illuslrating ^ 
-cording to , he invention q » - „ lrillbltory C0mp0lmds UKd 

' count: 760 ; a„d„u rab erofce„sAve„ : 04x?oT ^ ' D n ° :i65518 * °* antibod, 

Potions of PBMC. The CD2 , and " ^ - CD 26 ~ 

iowes. Jevel (bottom 10%) of CD26 •, Ce,l "*P"*sing the 

-pec,ive. y . The p„ri, y f ^7 " " ^ " d ^ 

m onoc 10 „ alantibo ;, l3 ,c h s ^r 7" by — wia - -«■* 

5 VU/i> ' Th e CD26 + and rm/T , . 
15 overnight in the presence or absence of v» • PopuJat,ons were cultured 

* VBP was Z^ZT" ^ ^ ^ — " ^ 

Fig- 4 is a graph illustrating a stimulatory effect of »„ ■ 
» log of the stimulation index (vertical dim, • , "'^ " the " atoa > 

compounds. g l ° "* I " Vem " > "' ™ d giving results f or coritrol 

general, the compounds useful accord™ ,„ tk , ■ . 
~ function of T-ceUs from MV-infectlll ^ °" ^ 
* « determined h y ^^^^'"''""^ 
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assays and/or reagents. 

The molecules are contacted with T-cells in amounts effective to stimulate rmmune 
function. Effective amounts are those which cause detectable changes in any one or more of the 
foregoing palters. -Thus, for example, an effective amount can be that amount which induces 
, measurable proliferation of an HIV-infected subject's T-cells. The effective amounts accordmg 
t0 the invention, however, are amounts below a concentration which causes detectable cytotoxic* 
of a patienfsT-cells. As used herein, detectable cytotoxicity means no more than 20"/., preferably 
no more than 10% and most preferably no more man 5% cytotoxicity as compared to controls. A. 
such levels, the proliferation effects of the compounds will outweigh the cytotoxic effects. 

An important aspect of the invention is the discovery that relatively high concentrates 
(e g 10--10-' M) of certain compounds useful according to the invention cause substantial 
cytotoxicity of T-cells. For example, using Val-boroPro, greater than 80% toxicity was observed 
ft, vitro at a concentration of ICT'M a^d approximately 50% cytotoxicity was observed a. a 
concentration of lff*L Although cytotoxicity decreased with decreasing concentrations of Val- 
U bomPro.itwasnotexpectedthatfterewould.*^^ 

,0- Unexpectedly, however, stimulatory properties increased substantially a. concentrate 
significantly below those concentrations which were cytotoxic. Maximum stimulation was 
observed at concentrations of 10-M0-M. Thus, the compounds according to the invention can 
be applied at extremely low concentrations ft, vift-o, or ft, v/vo, thereby avoiding any de.ecu.ble 
20 cytotoxicity yet achieving the highest levels of immune stimulation. 

The foregoing observation is important when considering treatments of T-cells of HIV- 
infected subjects, particularly ft, vivo. AIDS subjects already suffer drastic reductions m T-cells. 
,t could be catastrophic to administer compounds which would destroy the relatively meager 
amount of T-cells present in an AIDS patient. The present invention is based upon One discovery 
25 thatconcentiatior^ofcertiuncom^ 

be cytotoxic while achieving the highest .evels of immune stimulation capable of being induced 

by such compounds. 

,„ selecting effective amounts for ft, vivo treatment, concentrations can be selected far 
outside the range that would be expected to cause cytotoxicity. This concentration then could be 

curve) Maximum stimulation will occur, as shown in the Examples below, long before cytotoxrc 
levels « achieved. Thus, effective ft, vivo dosing can be accomplished without risk to the panent. 



in 
is 
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in d e ve,op ing fc vho effcc[ive ^ nUC,e ° ,lde - * ~ 8 aIso M be used , o 

-^*«JIi l T^ ,,, mamer - where * *■ -~ * 

^-dacco^^ ' hemah0!k0f « h ~ inve nti0 „. Th e factthaUnT . 
dose w™, of , . n ' ected « not stimulated by , 

P™-yI Caaving e^ e or librarjes ' ^ ^ *» — ■ -bs^e of . ^ 

■'20992). Assays whichn.easute foexamola 7 ^ ' '~ 2 *' 83 - 

''-ageof^dardfl™,^ 

ceiis ftom HV-infected patie nt s Me^ f rf ^ immUne *"*» 

Methods forperfonni „ g Ihj , tes( ^ ^ 
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below, which involve measurement of proliferation. 

In the screening assays described in the previous paragraph, a reporter substrate such as 
Ala-Pro- AFC, which contains a proline in the penultimate position, can be employed. 
Alternatively, a colorimetric assay can be carried out using as a substrate Gly-Pro-PNA. The 

5 choice of terminal amino acid is not critical, provided that the substrate contain a free terminal 
amino group. A fluorescence spectrometer then can be used to measure cleavage of the reporter 
substrate. Multiple samples can be run, with or without a test compound. The samples are placed 
in a cuvette, inserted into a fluorescent spectrometer, and enzymatic activity is measured as the 
accumulation of fluorescence intensity (i.e., substrate cleavage product) over time (e.g., 1 minute). 

10 A compound is identified as a good candidate if the accumulative fluorescence is decreased as a 
result of the presence of the compound. 

When methods are carried out in vivo, the effective amount will vary with the particular 
condition being treated, the age and physical condition of the subject being treated, the severity of 
the condition, the duration of the treatment, the nature of the concurrent therapy (if any), the 

15 specific route of administration and the like factors within the knowledge and expertise of the 
health practitioner. For example, an effective amount can depend upon the degree to which an 
individual has abnormally depressed levels of T-cells. 

Generally, doses of active compounds would be from about 0.001 mg/kg per day to 1000 
mg/kg per day. It is expected that doses ranging from .01-10 mg/kg will be suitable, preferably 

20 orally and in one or several administrations per day. Lower doses will result from other forms of 
administration, such as intravenous administration. In the event that a response in a subject is 
insufficient at the initial doses applied, higher doses (or effectively higher doses by a different, 
more localized delivery route) may be employed to the extent that patient tolerance permits, 
provided that toxic levels are not administered. Multiple doses per day are contemplated to achieve 

25 appropriate systemic levels of compounds. 

When administered, the pharmaceutical preparations of the invention are applied in 
pharmaceutically-acceptable amounts and in pharmaceutically-acceptable compositions. Such 
preparations may routinely contain salt, buffering agents, preservatives, compatible carriers, and 
optionally other therapeutic agents. When used in medicine, the salts should be pharmaceutically- 

30 acceptable, but non-pharmaceutically-acceptable salts may conveniently be used to prepare 
pharmaceutically-acceptable salts thereof and are not excluded from the scope of the invention. 
Such pharmacologically- and pharmaceutically-acceptable salts include, but are not limited to, 
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maleic, acenc, saiicylic, citric, f„ m ic, malonic> ^ ^ ^ 

which ft. active ingredient „ Mmbined „ j££ « — . «*. 

•° ~ also a™ capable of being C0 I ^ ^"77 

present invention, and with each other i m ° leCUleS of * e 

inwir " " " 3 "* ^ * ~ which would 

muaity impair the desired pharmaceutical efficacy. 

Thepharmaceutical composition, may contain suitable buffering aeems i„,l h- 

The pharmaceutical compositions also may contain, optionally suitable n„ ' • 
as: ionium chloride; chlor„ ta; para b ens md J^J' ~' ^ 

J agent, which is preferab.y isotonic with the oiood 

^ s,er;„zrr; ~ 8agen,s - ^^i™-*.^ 

-Iven,, for J^TT " ' "** ~™a>>>e *e„, or 

.hatmybe ! 3 ^ m '- 3 - bU,a " e ^^~e vehicles and solvents 

s r^r mi *~ — — — 

addil T ° ^ " e emP '° yed MinS « di-glycendes .„ 

addmon, fatty acids such as oleic acid may be used in ft. • M*™** I„ 

«• , . ,u ™y oe used m the preparation of iniectahw r-„ • 

formulation suitahlp fnr Ar oi u ir yectaDles. Carrier 

on suitable for oral, subcutaneous, intravenous, intramuscular • • ■ 

befoundinReminoi n „',o t . 'nrramuscular, etc. administrations can 
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produces effective levels of the active compounds without causing clinically unacceptable adverse 
effects. Such modes of administration include oral, rectal, topical, nasal, interdermal, or parenteral 
routes. The term "parenteral" includes subcutaneous, intravenous, intramuscular, or infusion. 
Intravenous or intramuscular routes are not particularly suitable for long-term therapy and 
5 prophylaxis. They could, however, be preferred in emergency situations. Oral administration will 
be preferred for prophylactic treatment because of the convenience toihe patient as well as the 
dosing schedule. 

The pharmaceutical compositions may conveniently be presented in unit dosage form and 
may be prepared by any of the methods well-known in the art of pharmacy. All methods include 

10 the step of bringing the active agent into association with a carrier which constitutes one or more 
accessory ingredients. In general, the compositions are prepared by uniformly and intimately 
bringing the active agent into association with a liquid carrier, a finely divided solid carrier, or 
both, and then, if necessary, shaping the product. 

Compositions suitable for oral administration may be presented as discrete units, such as 

15 capsules, tablets, lozenges, each containing a predetermined amount of the active agent. Other 
compositions include suspensions in aqueous liquids or non-aqueous liquids such as a syrup, elixir 
or an emulsion. 

Other delivery systems can include time-release, delayed release or sustained release 
delivery systems. Such systems can avoid repeated administrations of the active agent, increasing 

20 convenience to the subject and the physician. Many types of release delivery systems are available 
and known to those of ordinary skill in the art. They include polymer base systems such as 
poly(lactide-glycolide), copolyoxalates, polycaprolactones, polyesteramides, polyorthoesters, 
polyhydroxybutyric acid, and poly anhydrides. Microcapsules of the foregoing polymers 
containing drugs are described in, for example, U.S. Patent 5,075,109. Delivery systems also 

25 include non-polymer systems that are: lipids including sterols such as cholesterol, cholesterol esters 
and fatty acids or neutral fats such as mono-di- and tri-glycerides; hydrogel release systems; 
sylastic systems; peptide based systems; wax coatings; compressed tablets using conventional 
binders and excipients; partially fused implants; and the like. Specific examples include, but are 
not limited to: (a) erosional systems in which the active agent is contained in a form within a 

30 matrix such as those described in U.S. Patent Nos. 4,452,775, 4,667,01 4, 4,748,034 and 5,239,660 
and (b) diffusional systems in which the active agent permeates at a controlled rate from a polymer 
such as described in U.S. Patent Nos. 3,832,253 and 3,854,480. In addition, pump-based hardware 
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Use of a long-term sustained release imnlant mo, u ■ , 
chronic conditions Lo m <erm - " " W * for ""—"t of 

* — ^^^^^ j. taM :t™ ays ': r ferabiy 

»d inciude some of .he re.ease sterns described above " ^ " "»•"' 

«, 3,462,928, and in U.S. Application Serial No 07/923 «7 „„ 
Application No. WO94/03055 fW„f.k f •>• ' ""responding to PCT 

» be referred to as ta xJTfco , " " " ^ 

CKBP, and vj^£ " " ^ ^ " 



JSXAMPi.ir.fi 



*e VaLBoro-ProLd ^17 " " ' : ^ >™ *« * 

deration of PBMC ^ " ""^ - ™ « — 

1 ^ 10 M > The sa ™ results are shown in Figs 5 and a u , 

no. have this effect m, h , k ''^'^^^^a™)*! 

range because i. would cause T-cell nWk • ,• , Val-boroPro m this 

'os, Asshow„i„ F i 8s ZeZT^ My ^ m> "^'' 
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range, avoiding the cytotoxic effects. 

Referring to Fig. 4, data are presented in a form showing that low concentrations of the 
compounds of the invention have less effect on the PBMC of HIV-infected patients whose CD4 + 
counts are lower than about 400 (clinical indication for AIDS) than on the PBMC of HIV-infected 
5 patients whose CD4 + counts are higher than about 400. In the graph of Fig. 5, the natural log of 
the stimulation index (the vertical axis) is plotted against the natural log of the CD4 + count of the 
patients; as is shown. 

The disclosures of any patents and patent applications referenced to herein are expressly 
incorporated by reference. 
10 We claim: 



10 
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CLAIMS 

1 . A method for treating the T-cells of a human subject infecteO with Human 
Immunodeficiency Virus, comprising: " 

5 tuncf T " Ce " S ^ 3 m ° ,eCU,e ^ ""** CM6 » d "« - 

funcuon of sa,d T-ce„s in an amount effective to stimuiate immune fimcion of the T-ceUs sai 
amount bemg Mow . concenlration whic „ ^ ^ ^ ^ 

ccils a. Z H ^ meth ° d ° f daim ^ " " ta " 1 ~ " rolife ^ "-a T- 
cells at said effective concentration. 

3 v. method of ciairn 1, wherein the T-celis are contacted *, v,7,o and then are 
administered to the subject. 

4- The method of claim 1 , wherein the T-cells ; 



are contacted in vivo. 
amount is below 10 _8 M. 
6. ^^odofciaim^whereintheeffecriveamountisabioodconcnnationbeiow 



5 

5- The method of claim 3, wherein the effective 



10- g M. 



7- The method of claim 5, wherein the effective amount is between 10- and 10- M . 

adifferentth ^ ^ ^ ^^^^ 
Afferent therapeutic agent that increases the CD4* count of HIV-infected patients. 

10. The method of claim 1, wherein the human subject's T-cells are unable, prior to 
treatment with said molecule, to respond normally to T-cel, proliferation-inducing stimuli. 



1 • The method of claim 4, wherein the molecule is administered i 



m conjunction with 
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12. The method of claims 1-11, wherein the molecule mimics the site of a substrate 
recognized by a post-prolyl cleaving enzyme and includes a reactive group that binds covalently 

5 with a functional group in a reactive center of the post-prolyl cleaving portion of CD26. 

1 3 . The method of claim 1 2, wherein the molecule has the formula: 



X N- 



H 

-6-b: 



D 2 



H 2 C CH 2 

C 
H 2 



10 wherein X is a targeting moiety that mimics the site of a substrate recognized and cleaved by 
CD26. 
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